INTRODUCTION
The endocrine system plays a crucial role in maintaining human homeostasis and is often affected by exogenous stimuli. A range of synthetic as well as naturally occurring agents have been identified as interacting with the endocrine system. If the interaction of these exogenous substances with the endocrine system leads to adverse health effects in an intact organism or its progeny or (sub) populations, these substances are referred to as "endocrine disrupting chemicals" (EDCs) [1] .
The group of molecules identified as EDCs is highly heterogeneous and includes synthetic drugs, pesticides, compounds used in industry and in consumer products, industrial byproducts and pollutants, including some metals. Natural chemicals found in foods for humans as well as animals (e.g. phytoestrogens, including genistein and coumestrol or the mycotoxin zearalenone) can also act as EDCs. The disrupting activity can occur by altering normal hormone levels, inhibiting or stimulating the production and metabolism of hormones, or changing the way hormones circulate through the body, thus affecting the functions that these hormones control [2] . There is growing evidence that EDCs can function at very low doses in a tissue-specific manner [3] . EDCs may also exert nonmonotonic dose-responses due to the complicated dynamics of hormone receptor occupancy and saturation [4] .
The correlation between the accumulation of persistent chemicals and an increase in reproductive disorders, such as infertility of males and females, i.e. endocrine disorders in humans and wild animals, has raised concern that there may be a causal link between hormone-dependent cancers and exposure to endocrine disruptors [5] . In both humans and rodent models, EDCs have been shown to disrupt normal mammary development and lead to adverse lifelong consequences, especially when exposures occur during early life [6] . EDCs can act directly or indirectly on mammary tissue to increase sensitivity to chemical carcinogens or enhance development of hyperplasia, beaded ducts, or tumors [6] . Animal studies demonstrate that early life exposure to hormonally active agents can lead to effects on mammary gland (MG) development, impaired lactation, and increased susceptibility to breast cancer [7] . However, the influence of environmental exposures on breast development outcomes is poorly understood, as is the relationship between breast development, lactation deficits, and breast cancer. The female mammary glands undergo most of their development post-natally , achieving a fully differentiated state late in pregnancy. During this time, the gland prepares itself for functional lactation. Interruption of this process can lead to mortality or malnutrition of the offspring. Impaired lactation may be associated with altered MG development (decreased or unresponsive breast tissue) and/or endocrine disruption (improper hormonal support for lactation) [6] .
In the present study we have chosen three EDCs widely used in personal care products i.e. Diethylphthalate (DEP), Methylparaben (MPB), and Triclosan (TCS). Considering that humans are likely to be exposed to these chemicals simultaneously either due to the chemicals being used as ingredients in the same personal care product or to people's use of many products with these chemicals as ingredients, we examined the biological effects of these EDCs as a mixture. It is unclear whether the effects of environmental toxicant mixtures on mammary tumor development occur at concentrations below the no-effect level for the individual components of the mixture. Moreover, results from in vitro studies suggest that environmental toxicant mixtures can interact in an additive, synergistic, or inhibitory manner to modify the risk of breast cancer by altering cancer-cell proliferation and estrogen signaling [8] [9] [10] [11] . Animal studies have also indicated that mixtures of chemicals produce synergistic effects [12, 13] . Thus hundreds of chemicals each at levels below toxicity could interact together to cause health problems.
Pregnancy is considered as a protective factor for breast cancer in women [14] [15] [16] . Like humans, rats exhibit parity induced protection against breast cancer. It has been demonstrated that early and complete pregnancy is associated with reduced risk of breast cancer in humans, and manystudies have compared gene expression profiles in mammary glands from nulliparous and parous rats. Shan et al. [17, 18] demonstrated that normal mammary glands from virgin, pregnant and lactating Sprague-Dawley (SD) rats exhibit marked differences in gene expression.
The aim of this study was to determine whether low doses of DEP, MPB, TCS, and a mixture of the three EDCs administered at a dose level comparable to human exposure, starting from Post Natal Day (PND) 1 until PND 180, affect the developmental pattern and the proliferative activity of the mammary gland in adult parous and nulliparous female rats. However, we observed macroscopic hypotrophy of the milk lines after parturition as well as a higher mortality of pups generated by treated animals; in particular, the latter effect was more evident in TCS treated animals compared to the control group. For this reason, to gain molecular insights, we also profiled the transcriptome with a focus on lactation-related genes in mammary glands during lactation, investigating the periods around weaning and following weaning when the mammary gland involutes. The purpose of this further investigation was to examine the temporal coordination of changes in gene expression that take place during secretory activation, and to generate hypotheses about the molecular control mechanism involved.
Materials and methods

1.
Test compounds-Diethylphtalate (DEP, CAS # 84-66-2, lot # STBB0862V, 99% purity), Methylparaben (MPB, CAS # 99-76-3, lot # BCBG0852V, 99% purity) and Triclosan (TCS, CAS # 3380-34-5, lot # 1412854V, 97% purity) were supplied by Sigma Aldrich (Milan, Italy). Olive Oil (Montalbano Agricola Alimentare Toscana, Florence, lot # 111275, Italy) was used as the vehicle in preparing all dosing solutions. The olive oil was analyzed to exclude the presence of the three studied compounds as contaminants. During the experiment, each compound was stored at room temperature (20 °C) and in the dark. The solutions were prepared on the first day of treatment for the whole duration of the experiment and were continuously stirred throughout the study; the stability of the solutions was confirmed by gas chromatography-mass spectrometry (GC-MS) (Neotron Laboratory, Modena, Italy). In order to minimize any plastic contamination, the compounds were administered using a 5 ml glass syringe; biological samples were collected in polypropylene vials.
Experimental Animals-
The experiment used female Sprague-Dawley (SD) rats which belong to the colony used in the laboratory of the Cesare Maltoni Cancer Research Center of the Ramazzini Institute (CMCRC/RI) for over 40 years. The breeder animals were distributed into ten groups and randomized so as to have no sisters in the same group. Animals were housed in makrolon cages (41×25×15 cm) 2 or 3 per cage, with a stainless steel wire top and a shallow layer of white wood shavings as bedding. Cages were identified by a card indicating the experiment, the group and the experimental number/pedigree number of each animal. All the animals used in the experiment were kept in a single room at 23 ± 3°C and at 40-60% relative humidity. The light/dark cycle was 12 hours. Before starting treatment, animals were weighed and the dose (mg/kg b.w.) of the various EDCs was calculated on the basis of the average weight. Rat feed (Dr. Piccioni Laboratory, Milan, Italy) and tap water were available ad libitum. Each lot of feed and tap water was periodically analyzed for biological (bacteria) and chemical contaminants (mycotoxins, pesticides, arsenic, lead, mercury, selenium). The day on which parturition occurs was indicated as lactation day 0 (LD 0) for the dam and post natal day 0 (PND 0) for the offspring. The experimental animals (F1) received the treatment from PND 1 by lactation; the dams (F0) were exposed to EDCs from LD 0. After weaning (LD 28), the animals (F1) were separated from their mothers (F0), divided into two groups, "nulliparous" and "parous", and exposed through gavage until the final sacrifice at PND 181.
I. "Nulliparous" female rats (F1): ten female rats per group (treated and controls)
were exposed from PND 1 until PND 181. At PND 146, three nulliparous rats from each group, age-matched with parous at LD 28, were sacrificed and selected for macroscopic (Whole Mount preparation -WM) and microscopic examination of mammary glands. At PND 181, 7 animals from each group were sacrificed and their mammary glands histopathologically examined.
II. "Parous" female rats (F1): Ten female rats per group (treated and controls) were exposed from PND 1 until PND 181. At PND 97 these animals were mated (outbred) and the exposure to the test substances continued for the pregnant F1 dams through delivery of pups (F2) and lactation. At the end of lactation (LD 28), 3 dams from each group were sacrificed and selected for macroscopic (WM) and microscopic examination of mammary glands (animals referred to as "dams at LD 28"). At PND 181, the remaining 7 dams in each group were sacrificed and their mammary glands histopathologically examined.
The generation of the experimental animals is shown in Figure 1 ; the plan of the experiment is outlined in Table 1 . During the experiment mean daily water and feed consumption were measured per cage; body weights were individually measured once a week for the first 13 weeks and every two weeks thereafter. Animal procedures were performed in accordance with the rules of Italian law for Animal Welfare [19] , following the principles of Good Laboratory Practices and the Standard Operating Procedures of the CMCRC/RI facility, which include authorization by an Ethical Committee.
3. Dosing-The doses used in the present study are in the range of those to which women may be exposed; the doses were obtained by comparing the urine concentration of compound/metabolite in rats and women [20] . The doses selected were: NOAEL/10,000 for DEP and MPB; NOAEL/1,000 for TCS (NOAEL in mg/Kg/day; DEP =1,735; MPB=1,050; TCS=50). The mixture solutions were prepared using the same quantities of the three EDCs mentioned above. The control group received gavage with olive oil alone (vehicle).
4. Necropsy-All the experimental animals were given a macroscopic post-mortem examination following euthanasia via carbon dioxide inhalation.
Mammary glands: axillary mammary glands (MGs) were dissected, placed on cardboard and fixed in alcohol 70% for 48 h for histopathological examination [21] . Perineal MGs were snap frozen and stored at −80 C until analyzed. Three age-matched animals per treatment group were sacrificed at PND 146 as well as at LD 28 in the case of parous rats. All the alcohol-fixed MGs were processed, embedded in paraffin, sectioned at 4 microns, and mounted on glass slides. The sections were stained with hematoxylin and eosin (HE) for histopathological examination.
MG whole-mount preparations (WMs) were performed as follows: inguinal MGs were excised at necropsy and left and right chains were fixed in 10% neutral buffered formalin and kept in plastic bags, then sent to the University of Chieti for whole-mount examination. WMs were stained as previously reported [21] [22] [23] . Briefly, the fixed mammary glands (left and right) were immersed in acetone overnight, rehydrated, stained in ferric hematoxylin (Sigma Aldrich), dehydrated in increasing concentrations of alcohol, cleared with Bioclear (Bio-Optica) and stored in methyl salicylate (Sigma Aldrich). Digital photos were acquired with a Nikon Coolpix 995 (Nital SpA, Turin, Italy) mounted on a stereoscopic microscope (MZ6, Leica Microsystems, Milan, Italy).
Hematoxylin-eosin sections of the axillary (right and left) mammary glands and WMs of the inguinal (right and left) mammary glands of 3 rats per group were examined by two pathologists. The lobular development was classified by different grades: from complete, to medium and poor; a number was attributed to each grade (3 = complete, 2 = medium, 1= poor) and a score was given to each treatment group based on the sum of the values assigned to each gland.
Statistical analyses-A General Linear
Model (GLM) was used to compare the difference of outcome among the different chemical groups, adjusted by litter size. All statistical tests were two-sided, and p < 0.05 was considered statistically significant. Statistical analyses were performed using SAS 9.3 for Windows (Cary, NC, USA).
6. Gene expression profiling in mammary tissues-Right caudal mammary glands of TCS-treated (n = 3) and OIL-treated animals (n = 3) at PND 146 (LD 28) and PND 181 were collected in cryovials on ice and stored at −80°C. Total RNA was extracted using the Maxwell 16 LEV simplyRNA Blood Kit according to the manufacturer's protocol (Promega, WI), and quantified using Nanodrop (Thermo Scientific, MA). The RNA quality was assessed using a 2100 Bioanalyzer (Agilent Technologies, CA). Transcriptome profiling was carried out using GeneChip Rat Gene 2.0 ST Arrays (Affymetrix, CA) at the Yale Center for Genome Analysis (Yale School of Medicine, CT) according to the manufacturer's protocol. All arrays passed QC. After removing control probes, we filtered each dataset to reduce the number of multiple hypothesis tests prior to differential gene expression (DGE) analysis. Probe sets were first filtered by intensity (the signal intensity of a probe set should be at least log2(100) in at least 50 percent of samples) [24] followed by variance (retain top 50 percent of the probe sets with the highest interquartile range) [25] using the genefilter package [26] in R Studio (R version 3.0.2). We also carried out focused analyses on lactation/milkproduction genes, which were selected according to the following criteria: the gene should have a log2 intensity value of 4.5 in at least half the samples assessed and the gene should be related to the Gene Ontology Biological Process (GOBP). The term'lactation' on the array should contain the symbol 'Csn' (Casein kinase), given that caseins are among the most abundant proteins in milk [27] . In addition, the genes lactalbumin (LALBA) and whey acidic protein (WAP) were chosen since they are commonly present in milk and have previously been found to be modified by exposure to organic chemicals [28] . Epidermal growth factor receptor (EGFR) was also assessed, since it was identified as being the top hub in a bioinformatics-driven approach to identifying lactation gene networks [29] . In sum, the expression profiles of 59 genes were investigated. Overall DGE between TCS and OIL at PND 146 (LD 28) and at PND 181 was carried out using 1-way ANOVA, where genes were considered to be significantly different at a false discovery rate (FDR) of < 25% using the Benjamini Hochberg correction [30] . DGE was visualized by hierarchical clustering using Partek Genomics Suite 6.6 (Partek Inc., MO) and analyzed by Ingenuity Pathway Analysis (IPA) for enrichment of canonical pathways (Ingenuity Systems, www.ingenuity.com), where P < 0.05 was considered statistically significant (Fisher's exact test). To assess the differences in expression of lactation genes between TCS and OIL at PND146 (LD 28) and at PND 181, two-sided t-tests were performed using the gene filter package [27] in R Studio (R version 3.0.2). P < 0.05 was considered statistically significant.
Results
The fertility rate was 100% for MPB, TCS and MIX (10/10 females were pregnant), while for DEP the fertility rate was 90% (9/10). There were 31 pregnant rats out of 35 in the OIL control group (88.6%). No significant differences in pregnancy rates were observed among F1 dams from treated and control groups.
Litter Size and Mortality
The details of litter size, mortality and birth weight are shown in Table 2 . For the control group, the average litter size at delivery was 12.8. Treatment with DEP and MPB resulted in a significantly higher number of pups per litter at delivery with a litter size of 15.6 and 15.2, respectively, while TCS and MIX groups did not show any significant difference. We also observed increased mortality in all treated groups at PND 7 and onwards. Compared to the average mortality of ~3% in the oil control group, EDC treatment resulted in mortality rates >20% as early as PND 7. However, there is little indication of changes in the weight of the pups across treatment groups except the lower birth weight in DEP-treated rats at PND 7 and PND 14.
Histopathology of mammary glands
All animals from each treated group (10) and the first ten from controls were microscopically examined; in all groups frozen samples were collected from 5 of them. WM preparation was performed from 3 of them sacrificed at PND 146 (LD 28).
Nulliparous rats-The development of MGs had a normal tissue morphology in both treated and control groups. In these virgin females, the duct system was the most prominent component and the lobules of alveoli were sparse and small. The ducts consisted of an inner layer of cuboidal/columnar cells which were surrounded by a layer of elongated myoepithelial cells with scant cytoplasm (Fig. 2) .
Parous rats
a) Dams at the end of lactation (LD 28): during lactation, under normal conditions, the breast was composed almost exclusively of alveoli strongly dilated with milk; interlobular connective tissue was reduced to thin septa between lobules. The alveoli were filled with secretions containing lipid vacuoles, epithelial cells were flattened and acini were filled with secretions. At this stage of development, the MGs of control animals appeared morphologically normal (Fig. 3A) .
Generally, treated animals showed evident histological differences from controls: the alveoli were not always milk-filled and an increase in adipose tissue was noted ( Fig. 3B-E) . The collapsed alveolar and duct structures showed residual secretory content.
Whole-mount preparations (WM) confirmed the same morphological pattern (Fig. 3A-E) showing differences in the lobular development among control and treated groups. Figure  3A illustrates the WM appearance of a normal lactating mammary gland with complete development of lobular structures, totally filling the mammary fat pad (Olive oil, controls). Figure 3B -E show that all the treatments induced a marked decrease in the size of the lobular structures which also appear darker and denser, due to the lower dilatation of the secretory alveoli. The effect of TCS is particularly evident with much smaller lobuli composed of a lower number of alveoli, often empty. A semi quantitative evaluation of the changes in lobular development observed during examination of HE slides and WM preparations is reported in Table 3 .
b) Dams at final sacrifice (PND 181): no histopathological differences were observed among treated and control groups. A three-fold reduction in volume of MGs, compared to those during lactation, was observed. An increased number of terminal alveolar buds and lobules, scattered inside the stromal fat pad, was observed as compared to the morphological features of nulliparous rats (Fig.4) .
Gene expression of mammary glands-
The results obtained through histologic and WM evaluations showed that TCS had a marked effect on the development of alveoli in the lactating mammary glands compared to the other EDC-treated animals and controls. We therefore started our study by profiling the mammary transcriptome in order to identify genes that were differentially expressed in TCS vs. OIL treated rats at PND 146 (LD 28) and PND 181. DGE analysis revealed that 909 probe sets were differentially expressed at PND 146 (LD 28), but none at PND 181. Of the 909 probe sets, 557 were down-and 352 were up-regulated in TCS-treated animals compared to OIL controls. Of the 557 down-regulated probe sets, 40 were changed more than two-fold and of the 352 up-regulated probe sets, 21 were changed more than two-fold. Hierarchical clustering of the 909 differentially expressed probe sets revealed overall reproducibility among the three animals in each group (Fig. 5) .
We used Ingenuity Pathway Analysis (IPA) to determine the top five canonical pathways represented by the 557 down-and 352 up-regulated probe sets (Table 4 ). Our results indicated that cholesterol biosynthetic pathways were strongly down-regulated in TCStreated animals compared to controls (P < 0.001, Fisher's Exact Test). Squalene epoxidase (SQLE) and 3-hydroxy-3-methylglutaryl-CoA reductase (HMGCR), which were among the genes that were down-regulated by more than two-fold, contributed to the enrichment of cholesterol biosynthetic pathways. While cAMP and nitric oxide signaling were among the top up-regulated IPA canonical pathways (P < 0.02, Fisher's Exact Test), these top five pathways shared little overlap compared to the top five down-regulated pathways.
Based on the morphological findings of mammary tissues from dames at weaning, we also performed targeted analyses on expression profiles of lactation/milk-related genes (Table 5) . Consistently with our overall DGE analysis of the transcriptome from PND 146 (LD 28) and PND181, we observed changes in expression of lactation/milk-related genes only at PND 146 (LD 28) (Table 6) . Specifically, seven genes were down-and three were up-regulated in TCS-treated animals as compared to controls. Of these ten genes, SLC30A4 was depleted by more than two-fold and eight were among the 909 differentially expressed probe sets identified by overall DGE analysis at PND 146 (LD 28) (Fig. 5) .
Discussion
There are many examples of EDCs that have been shown to affect the development of the MG [7] . Exposure timing and dose influence the pattern of MG changes [31] . Few guideline studies for testing environmental chemicals include prenatal or early life dosing, and MG endpoints are limited primarily to indirect or surrogate observation during lactation and to clinical and pathological evaluation of adult mammary tissue. Effects of early life EDC exposure can lead to altered developmental programming in the breast and have been reported neonatally, at puberty, and well into adulthood, when effects on lactation or mammary tumorigenesis become evident [32] . Many animal studies are conducted with exposure doses that would result in a body burden higher than is found in humans; we used the general US population urinary concentration as a reference which is in the range of typical human exposure [33] . Our animal model, the SD rat from our colony, could be considered a human equivalent model especially for breast lesions (non-neoplastic, preneoplastic and neoplastic) allowing us to translate rodent data on mammary gland effects to humans. Our results support the hypothesis that a critical period of MG development, significantly affected by EDC exposure, is the development of the lactating gland. We chose LD 28, which was end of lactation-day, as time-point for the collection of lactating mammary glands. At this point in time, the process of involution of mammary glands is not immediate and histologically the gland appears similar to what is observed during the entire process of lactation. Only after 2 days from the end of lactation does the gland begin the irreversible sequence of cell death and remodelling, with a peak at day 4 of termination [34] . Furthermore, the same period of LD 28 was used for mammary gland monitoring both in treated and control dams, and similarly in nulliparous females at the same age (PND 146). The altered functional differentiation of the lactating mammary gland may be a direct effect of EDCs on the gland or may indicate that offspring are not thrifty enough to stimulate normal lactational development [35] . In our study there were no changes in pup weight between treated and control groups in the first week after birth (PND 1-7) indicating that EDC exposure did not affect neonatal growth which may impact on the ability of offspring to suckle and sufficiently stimulate lactation.
One notes that the altered MG development (decreased or unresponsive breast tissue) appeared to be a transient effect which was evident only during lactation. Indeed, for parous dams sacrificed at PND 181, no histopathological differences among treated and control groups were observed. Although numerous studies have shown persistent effects on the MG, few have evaluated whether the changes could be reversible. For example, in utero exposure to dioxin, Ziracin, PFOA or BPA leads to permanent changes in the adult MG. In contrast, the effects of genistein and ethinyl estradiol in male MG appear to reverse after treatment is withdrawn [36] . Transient or permanent effects may be due to gene imprinting, altered gene expression, modified endogenous MG signaling or changes in hormonal milieu [32] . No treatment-related effects were observed in the age-matched nulliparous rats, where the glands were undergoing only minimal cycle-related changes in epithelial growth. All virgin rats, regardless of treatment, demonstrated a similar degree of growth and branching.The differences in histopathology in the mammary glands of ED-treated animals compared to controls at PND 146 (LD 28), especially in the TCS group (Fig. 3D) , motivated us to investigate the underlying molecular mechanisms associated with these changes. Transcriptome profiles revealed that hundreds of genes were differentially expressed in TCS-treated animals but only at PND 146 and not at PND 181, corroborating the histopathology results. Specifically, cholesterol biosynthetic pathways were down-regulated in TCS-treated animals ( Table 4) . TCS has been shown to reduce serum cholesterol levels with a concomitant reduction in the synthesis of androgens in treated male rats [37] . In our experiment, two key enzymes in the cholesterol biosynthesis pathway were down-regulated by more than two-fold in TCS-treated animals at PND 146 (LD 28): HMGCR, which catalyzes the rate-limiting step of cholesterol biosynthesis, and SQLE, which is the ratelimiting enzyme in the sterol biosynthesis pathway [38, 39] . Cholesterol constitutes an important component of milk, being secreted in large quantities by lactating rats [40] . HMGCR has in turn been shown to play a pivotal role in cholesterol biosynthesis in the rat mammary gland [41] . The synthesis of fatty acids and lipids is increased during lactation since fatty acids are the major constituent of the triglyceride pool in mammalian milk [42] [43] [44] . In SD rats, TCS has been shown to inhibit the activity of fatty acid synthase (FAS) a key enzyme in lipogenesis and the production of long chain fatty acids [45] . When we inputted the top 40 probe sets that were more than two-fold down-regulated in TCS-treated animals into IPA, fatty acid activation and fatty acid β oxidation were among the top five canonical pathways (data not shown). Taken together, our data suggest that lactating/ weaning mammary glands at LD 28 may be more susceptible to the possible cholesteroland lipid-disrupting properties of TCS than their later stage counterparts at PND 181 and may at least in part support the findings of the abnormal histology of TCS-treated animals at PND 146 (LD 28) (Fig. 3D ).
Previous studies have found that exposure to organic chemicals such as perfluorooctanoic acid (PFOA) results in abnormal lactational development and changes in milk protein gene expression in mice, resulting in delayed development in exposed pups [28] . We tested whether TCS-treated animals at PND 146 and at PND 181 exhibited changes in lactation/ milk-specific genes (Table 5) . Consistent with the overall transcriptome pattern, significant changes among the lactation/milk-specific genes (10 out of 59) were only present at PND146 (LD 28) but not at PND 181. The top IPA network connecting 10 genes was 'cellcell signaling and interaction, drug metabolism and small molecule biochemistry' (data not shown). Specifically SLC30A4, which belongs to a family of zinc transporters, was the only gene down-regulated by more than two-fold (Table 3) . Zinc transporters play key roles in the mammary gland during lactation, as several processes in the secretory system rely on zinc [46] . The localization of SLC30A4 and other members in the family close to the luminal membrane of secreting mammary epithelial cells in mice suggests that they are important in the transport of zinc into milk [47, 48] Additionally, mice deficient in SLC30A4 were found to have lower mammary gland weight and milk volume [48] . Our observation that TCS exposure was associated with lower levels of not only SLC30A4 but also changes in other genes with possible roles in lactation (Table 3 ) may explain in part the observation that the alveoli of TCS-treated animals were smaller and often empty compared to the milk-filled alveoli of controls (Fig. 3D ).
The treatment did not impact on the ability of the dams to carry their litters to term; however, the impaired gland development observed in the EDC-treated rats is likely to result in impaired lactation and reduce offspring survival. Necropsies performed on the dead pups revealed no evidence of gross defects in organ formation, but did show that their stomachs were empty.
However, the processes which regulate these stages of development differ, and therefore EDCs may not mediate the observed changes by the same mechanism. The impact of EDCs on breast milk production in women is not known. Once the mechanisms which mediate these alterations in the rodent mammary gland are further elucidated, the influence of DEP, MPB, TCS and the mixture of them on the human breast and ultimately on functional lactation, may be better estimated.
In conclusion, in using human equivalent exposures to three EDCs and a mixture of them, this animal study highlights the heightened sensitivity to EDCs of the MGs during pregnancy and lactation, suggesting an impact on pup survival. These results will provide a foundation for future studies of DEP, MPB and TCS that may evaluate their biological effects in an experimental setting so that information can be used in risk assessment for human exposure. Further investigation will be performed to better understand the mode of action mediating the lactation defects seen in the current study. Outline of generation and treatment of experimental animals. A: F0 generation corresponds to breeders of the studied animals (F1), treated from delivery until weaning of the pups. B: The F1 generation was divided into two groups: nulliparous females treated from PND 1 until PND 181and parous females treated from PND 1 until PND 181, mated at PND 97 and observed during their pregnancy and lactation of their offspring. the F2 generation. For each group, at LD 28 (PND 146), corresponding to the end of lactation for parous rats, three animals per experimental group were sacrificed and mammary glands analyzed. At PND 181 all females were sacrificed and mammary gland examined. Solid triangles (▼) represent conclusion of exposure and sacrifice of animals. Representative morphological and histological features of hematoxylin and eosin-stained paraffin sections of nulliparous female Sprague Dawleys rats, sacrificed at PND 181. Both the vehicle control (A,B) and treated (in this case with MPB) groups (C, D) showed normal ducts, epithelia, and stroma Hierarchical clustering of significantly differentially expressed probe sets between TCS and OIL at PND 146 (LD 28) (FDR < 0.25, 1-way ANOVA). Yellow corresponds to upregulated gene expression, blue to down-regulated gene expression. Table 1 Experimental plan of EDC treatment for "nulliparous" and "parous" female Sprague-Dawley rats. Animals are treated from PND 1 to PND 181. Table 2 Parous female rats : distribution and comparison of number of pups per litter among 5 chemicals by age of pups Table 3 Lactating mammary gland development in dams at LD 28. Table 4 Top 5 canonical pathways from ingenuity pathway analysis (IPA) up-and down-regulated in the TCS group compared to OIL at PND 146 (LD 28) (P < 0.05, Fisher's exact test). Reprod Toxicol. Author manuscript.
Group
Table 6
Lactation/milk genes differentially expressed in the TCS group compared to OIL at PND 146 (LD 28) (P < 0.05, t-test). 
